This paper examines the properties of the double loop wireless power transmitter using numerical simulations. The double loop wireless power transmitter consists of two coupling and parallel loop antennas which transmit field energy through resonant electromagnetic waves. This technology can be applied in RFIDs (Radio Frequency Identification) and remote charging scenarios where wires cannot be applied to, including the wireless charging of drones and satellites.
Introduction
The wireless power transfer technology, also known as wireless energy transmission technology, was first discovered and patented by Nikola Tesla [1] . Up till today, it remains a hot topic being discussed frequently in research fields.
Before the discovery of such technology, power has always been transferred by magnetic fields using the inductive coupling between coils of wire, or by electric fields using the capacitive coupling between metal electrodes [2] . However, these methods require transmitters and receivers to be in proximity, causing limits on possible applications of the technology.
Differing from the method mentioned above antennas, devices that can transform oscillating electric currents into traveling electromagnetic waves that move in specific direction or vice versa [3] , can function as either transmitter's receivers. Nowadays, antennas are generally applied for in technologies serving communicative purposes including the production of phones, radios, planes, and even solar power satellites [4] [5] [6] [7] . This paper studies numerical facts of the double loop wireless power transfer device, which consists of two resonant loop antennas. One of the antennas in this model shall be used for sending electromagnetic waves and the other one is used for receiving these waves. It is expected that this double loop wireless power transmitter could be applied to the technology of wireless transfer of power, which enables the charging of devices located at a greater distance, incurring lower energy loss. 
Theoretical Background
The well-known coupled-mode equations (CMEs) are applied here as an appropriate analytical framework for modeling this resonant coupling of energy transfer [8] : 
Model Definition
In order to achieve wireless power transfer with low energy loss, we shall assume that the metal loops utilized here are perfect electric conductors (PECs). It is ex- 
Results and Discussions
To get the value of ω in the CMEs, we first calculate the Eigen-frequency of the individual antenna. Resulting figures indicate that the field of the Eigen-mode is mostly concentrated around the loop, with the highest field remaining within the loop (see Figure 2 for details). The value of Eigen-frequency ω is 2π × 13.35
MHz. The imaginary part of the Eigen-frequency (484 Hz) gives resonance width (Г), indicating the loss of energy.
The simulation on double loop structures is then performed. Due to the existence of the coupled system, the previously individual Eigen-frequency is spitted into two Eigen-frequencies, with one's value higher than the former unsplit Eigen-frequency and the other lower than the former. The electric field distribution is shown in Figure 3 . The top part illustrates the first mode at Eigen-frequency ω equals 2π × 13.27 MHz and the bottom at 2π × 13.41 MHz for second mode. Note that there is a node at the center of the illustration, located between the two antennas, under the second mode, which is caused by required orthogonality. According to the CMEs, the Eigen-modes of the coupled system are split by 2K, which can be calculated from the two Eigen-frequencies. The energy exchange between the two antennas takes place at a time period of π/2K.
Given that the coupling rate is much faster than all loss rates (K  Г), it is obvious that our simulation resulted in success.
To further our study of the coupling property of antennas, we change the rotation angle of the second antenna with respect to the first, from zero degree to 80 degrees. Quality factor results are shown in Figure 4 with the value for first Figure 4 . Quality factor as a function of rotation angle for the first and second mode.
mode decreasing while that for the second mode increases as the rotation angle increases. This clearly indicates that the coupling rates between the two antennas are decreasing quickly when the coupling coefficient is calculated from K.
Conclusion
In conclusion, this paper designs a scheme utilizing double loop antennas which can be applied in wireless power transfer. We can conclude from the simulations that after the testing of these simulations, it can be concluded that the double loop wireless power transfer using the resonances of tow antennas is reliable and efficient. It can be further concluded that when the angle between the two loops increases, the coupling rate will drop, resulting in the deterioration of the wireless transfer performance. With further development, this technology can be improved to fit in many technological applications that are commonly used in our daily lives.
